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Description

FIELD OF THE DISCLOSURE

[0001] The present disclosure is related to a battery
module for use in powering electric vehicles, such as
electric or hybrid aircrafts.

BACKGROUND

[0002] Electric and hybrid vehicles have become in-
creasingly significant for the transportation of people and
goods. Such vehicles can desirably provide energy effi-
ciency advantages over combustion-powered vehicles
and may cause less air pollution than combustion-pow-
ered vehicles during operation.
[0003] Although the technology for electric and hybrid
automobiles has significantly developed in recent years,
many of the innovations that enabled a transition from
combustion-powered to electric-powered automobiles
unfortunately do not directly apply to the development
of electric or hybrid aircraft. The functionality of automo-
biles and the functionality of aircraft are sufficiently dif-
ferent in many aspects so that many of the design ele-
ments for electric and hybrid aircraft must be uniquely
developed separate from those of electric and hybrid
automobiles.
[0004] Moreover, any changes to an aircraft’s design,
such as to enable electric or hybrid operation, also re-
quire careful development and testing to ensure safety
and reliability. If an aircraft experiences a serious failure
during flight, the potential loss and safety risk from the
failuremaybeveryhighas the failure could causeacrash
of the aircraft and pose a safety or property damage risk
to passengers or cargo, as well as individuals or property
on the ground.
[0005] The certification standards for electric or hybrid
aircraft are further extremely stringent because of the
risks posed by new aircraft designs. Designers of aircraft
have struggled to find ways to meet the certification
standards and bring new electric or hybrid aircraft de-
signs to market.
[0006] In view of these challenges, attempts to make
electric and hybrid aircraft commercially viable have
been largely unsuccessful. New approaches for making
and operating electric and hybrid aircraft thus continue to
be desired.

SUMMARY

[0007] Flying an aircraft, such an airplane, can be
dangerous. Problemswith the aircraft may result in injury
or loss of life for passengers in the aircraft or individuals
on the ground, as well as damage to goods being trans-
ported by the aircraft or other items around the aircraft.
[0008] In order to attempt to mitigate potential pro-
blems associated with an aircraft, numerous organiza-
tions have developed certification standards for ensuring

that aircraft designs and operations satisfy threshold
safety requirements. The certification standards may
be stringent and onerous when the degree of safety risk
is high, and the certification standardsmay be easier and
more flexible when the degree of safety risk is low.
[0009] Such certification standards have unfortunately
had the effect of slowing commercial adoption and pro-
duction of electric or hybrid aircraft. Electric or hybrid
aircraft may, for example, utilize new aircraft designs
relative to traditional aircraft designs to account for differ-
ences in operations of electric or hybrid aircraft versus
traditional aircraft. The new designs however may be
significantly different from the traditional aircraft designs.
These differences may subject the new designs to ex-
tensive testing prior to certification. The need for exten-
sive testing can take many resources, time and signifi-
cantly drive up the ultimate cost of the aircraft.
[0010] The present disclosure provides simplified, yet
robust, components and systems for an electric powered
aircraft that simplify and streamline certifications require-
mentsand reduce the cost and time required toproducea
commercially viable electrically-driven aircraft.
[0011] In particular, safely powering an electric or hy-
brid aircraft can pose significant difficulties. A power
system of an electric or hybrid aircraft can include nu-
merous battery cells, and each of the battery cells can
posea serious safety risk, suchas in theevent that one or
more of the battery cells overheat and catch fire (for
instance, due to a manufacturing defect, aging, or abuse
of the one ormore battery cells). If a fire in one battery cell
were to reach other battery cells, the other battery cells
may catch fire and cause a chain reaction that would
result in the aircraft suffering a catastrophic failure. Thus,
the power system of an electric or hybrid aircraft should
be carefully managed.
[0012] The document US 2019/280354 A1 discloses a
battery module comprising a plurality of battery cells
electrically coupled to a printed circuit board. Each bat-
tery cell is encased in a tubular member closed by an
insulation cap. The battery cells poles are in direct con-
nection with the printed circuit board.
[0013] The document US 2018/358671 A1 discloses a
chassis for holding a plurality of battery cells. The top and
bottom faces of this chassis, between which vertical cell
holders are disposed, comprise holes. However, the
battery cells are enclosed by the cell holders along their
whole length, which make the chassis heavy and bulky.
[0014] The document US 2009/233162 A1 discloses a
battery assembly in which a plurality of tubular battery
cells are disposed in modular sleeves. The battery cells
poles are connected to each other by means of connect-
ing plates.
[0015] Similarly, the document US 2009/111015 A1
discloses a battery module with tubular members and
busbars for holding battery cells. The module comprises
a plurality of cell holders fixed together for holding the
battery cells whose poles are connected using connect-
ing plates.
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[0016] ThedocumentWO2020/044275A1disclosesa
battery module for tubular battery cells that are directly
connected to a metal clad printed circuit board (MCPCB)
with an insulated and a conductive layer. This battery
module is exposed to the risk of a failure propagation of
one battery cell to another as the battery cells are not
isolated one from another.
[0017] It is therefore an aimof the present disclosure to
provide a solution to oneormore of the above-mentioned
problems of the prior art.
[0018] In particular, an aim of the present disclosure is
to provide an electric power system for use in powering
an electric vehicle, such as an electric aircraft, in which
the consequences of one or more cells overheating or
catching fire are less dramatic than in prior art electric
power systems.
[0019] According to one aspect, those aims are
achieved with a battery module, comprising:

a plurality of battery cells;
a plurality of cell tubes configured to accommodate
the plurality of battery cells within the plurality of cell
tubes so that individual of the plurality of battery cells
are positioned within individual of the plurality of cell
tubes, each battery cell having a first electric pole
and a second electric pole,
a first conductive plate consisting of a printed circuit
board and comprising a first conductive layer and an
isolating layer, said isolating layer comprisingat least
one blind hole for wire-bonding said conductive
layer.

[0020] The first conductive layer can be arranged for
conducting currents from all battery cells in the battery
module.
[0021] The first conductive plate can comprise a sec-
ond conductive layer with a plurality of PCB tracks and at
least one electronic component mounted on said PCB
tracks, said second conductive layer being thinner than
the first conductive layer.
[0022] ThePCB trackscanbeconnected throughwire-
bonding to said battery cell and/or to said first conductive
layer.
[0023] The battery cell can be wire bonded to said first
conductive layer.
[0024] The electronic component can comprise one
sensor configured to monitor a voltage, a current, a
temperature or an internal pressure of at least one of
the plurality of battery cells.
[0025] The electronic component can comprise one
switch for individually connecting or disconnecting one
battery cell.
[0026] The battery cell can be electrically connected
through wire-bonding to a sensor and/or to a switch on
one of said PCB track, said sensor and/or switch being
electrically connected through wire-bonding through a
wire-bond that goes through on said blind hole.
[0027] The battery module can comprise a plurality of

first spacers, each first spacer being mounted in one of
said first holes and configured to support one said cell
tube and one said battery cell,
said first spacer providing thermal and electrical isolation
between the corresponding battery cell and the first
conductive plate.
[0028] The battery module can comprise a second
conductive plate which mutually electrically connects
the second poles of each of the plurality of battery cells,
said second conductive plate comprising a plurality of
secondholesso that individual of theplurality of cell tubes
are facing individual of the plurality of second holes,

a plurality of second spacers, each second spacer
being mounted in one of said second holes and
configured to support one said cell tube and one
said battery cell,
said second spacer providing thermal isolation be-
tween the correspond battery cell and the second
conductive plate.

[0029] The first and/or second spacers can comprise
one of the following materials: ceramic, plastic or fiber
glass.
[0030] Each said first and/or second spacer can sup-
port a battery cell and a corresponding battery cell tube at
a distance from each other, the plurality of battery cells
being removable from the plurality of cell tubes.
[0031] The holes through the first conductive plate can
permit combustion components to pass through the first
conductive plate.
[0032] The holes through the second conductive plate
can permit combustion components to pass through the
second conductive plate.
[0033] The first conductive plate can comprise or con-
sist of a printed circuit board comprising at least one
sensor configured to monitor a voltage, a current, or an
internal pressure of at least one of the plurality of battery
cells.
[0034] The first conductive plate can be an aluminium
layer.
[0035] The battery module can further comprise a cir-
cuit boardassembly electrically connected to said printed
circuit board.
[0036] The circuit board assembly can be orientated
parallel to thebattery cells, in order to avoid obstruction of
the heat and fames caused by the explosion of one
battery cell.
[0037] The batterymodule can further comprise a con-
troller mounted on the circuit board assembly and con-
figured to control the plurality of battery cells.
[0038] The controller can be configured to communi-
cate, via a connector, with an electronic device separate
from the battery housing.
[0039] The total number of battery cells included in the
plurality of battery cells is between 4 battery cells and 32
battery cells, inclusive.
[0040] The battery module can be part of a power
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system that comprises an exhaust channel configured to
divert a fire fromoneof the plurality of battery cells toward
an exhaust port of the vehicle housing to prevent the fire
from spreading to another of the plurality of battery cells,
the plurality of cell tubes being supported by said spacers
with one first end of each cell tube being directed toward
an exhaust channel.
[0041] The use of such an exhaust channel in accor-
dancewith the disclosure herein prevents heat or a fire at
one or more battery cells from spreading to other battery
cells.
[0042] The exhaust channel can divert and evacuate
from the aircraft fumes, smoke, heat, steam, or combus-
tion materials from a battery cell that has caught fire.
[0043] The battery module can be part of a power
system that comprisesan inlet channel arranged to direct
an air flow through the battery housing, a second end of
each of the plurality of cell tubes being directed toward
said inlet channel.
[0044] The plurality of cell tubes can comprise alumi-
num, steel, or carbon.
[0045] The plurality of cell tubes can be arranged in at
least two rows of cell tubes and at least two columns of
cell tubes.
[0046] The present disclosure is also related to a bat-
terymoduleasdescribedand / or claimed, in combination
with the vehicle housing, the vehicle housing being con-
figured to fly and supporting the battery housing so that
an air flow passes through the battery housing when the
vehicle housing is in motion.
[0047] Multiple battery modules may be connected.
The battery modules are sometimes referred to as bat-
tery packs, or several mutually connected battery mod-
ules are referred to as battery packs. The battery mod-
ules can each include a battery housing that supports
multiple battery cells electrically connected in parallel
with one another. The battery modules can each be
relatively lightweight rather than encapsulated in a heavy
casing, such as a heavy metal casing, that would un-
desirably add weight to the aircraft. The battery cells of
the multiple battery modules can be connected in series
and/or parallel with one another to form a power source
for the aircraft.
[0048] The plurality of cell tubes can be supported by
the battery housing with one first end of each cell tube
being directed toward the exhaust channel, the plurality
of battery cells each being self-contained, the plurality of
battery cells being removable from the plurality of cell
tubes.
[0049] The cell tubes may have any shape or section,
provided each cell tube can house one battery cell. A cell
tube preferably prevents a direct line of sight form one
battery cell to any neighbor battery cell, so that heat from
onebattery cell is reverberated by the inner surfaceof the
cell tube in which the battery cell in housed and does not
reach directly any other battery cell. In one preferred
embodiment, each cell tube has a cylindrical shape with
two open ends.

[0050] Because battery cells may fail in a predictable
matter (such as tending to catch fire and explode from a
positive terminal of thebattery cells and last for around10
seconds), the cell tubes act as individual battery hous-
ings to orient the multiple battery cells in the individual
battery housings in a common direction with the positive
terminals (sometimes referred to as cathodes) of the
multiple battery cells being on a common side of the
battery housing, for example facing the exhaust channel.
[0051] The cell tube can reinforce the side walls of the
battery cell to prevent lateral explosion of a battery cell,
and to direct the flames and heat toward an exhaust
channel rather in the unlikely event of lateral explosion
of a battery cell, thus reducing this risk of reaching other
cells or components in the same battery module or other
battery modules.
[0052] Upon one of the battery cells catching fire, the
fire from the battery cell may pass by or through an
insulation layer (whichmayprevent the fire from reaching
one or neighboring battery cells), enter the exhaust
channel, and be diverted toward or to an exhaust port
of the aircraft so that the fumes, smoke, heat, steam, or
combustion materials may leave the aircraft.
[0053] The battery module may connect to an inlet
channel arranged to direct an air flow through the battery
housing and into the exhaust channel, a second end of
each of the plurality of cell tubes being directed toward
said inlet channel.
[0054] Aplurality of coolingplatesmaybesupportedby
the battery housing and thermally coupled to the plurality
of cell tubes, at least one of the plurality of cooling plates
comprising a plurality of holes through which the plurality
of cell tubes extend, the plurality of cooling plates being
configured to dissipate heat from the plurality of cell
tubes.
[0055] A sensor may be configured to monitor a tem-
perature of one of the plurality of cell tubes or one of the
plurality of cooling plates.
[0056] A thermal fusemaymechanically and thermally
couple one of the plurality of cooling plates to one of the
plurality of cell tubes. Therefore, if one of the cell tube is
overheating due to a fire or overheat in the cell housed by
this cell tube, the thermal fuse may melt and prevents
transmission of heat to other cells through the cooling
plate.
[0057] The plurality of cooling plates may be made of
aluminum foam. Aluminium foam provides a very large
surface for exchange of heat between the air and the
cooling plate.
[0058] The battery housing, the plurality of cell tubes,
and theplurality of cooling platesare configured toevenly
distribute heat so that the plurality of battery cells age at a
common rate. The heat is evenly distributed when the
battery cells are operating normally, i.e. not overheating.
The heat may not be evenly distributed when the battery
cells are overheating and at least one thermal fuses is
melting. A heat is considered to be evenly distributed
when the difference of temperature between battery cells
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of the same battery module does not exceed 20°C, pre-
ferably 10°C, preferably 5°C.
[0059] The battery module may comprise an isolation
positioned between (i) a conductive plate and (ii) the
plurality of cell tubes, the isolation providing electrical
or thermal insulation.
[0060] The conductive plate may be configured to
electrically connect the plurality of battery cells in parallel
with one another.
[0061] The plurality of cell tubes may be arranged in at
least two rows of cell tubes and at least two columns of
cell tubes.
[0062] The battery housing may be configured to me-
chanically couple to additional battery housings on op-
posite sides of the battery housing, the battery housing
and the additional battery housings each having a com-
mon structure, the plurality of battery cells being config-
ured to electrically couple in series or parallel with addi-
tional battery cells of the additional battery housings to
together power the motor.
[0063] The battery module may comprise a circuit
board assembly comprising a sensor configured tomoni-
tor a voltage, a current, a temperature or an internal
pressure of at least one of the plurality of battery cells;
and a controller mounted on the circuit board assembly
and configured to control an energy transfer from the
plurality of battery cells responsive to the voltage, the
current, or the internal pressure.
[0064] The controller may be configured to communi-
cate, via a connector, with an electronic device separate
from the battery housing.
[0065] The total number of battery cells included in the
plurality of battery cells is between 4 battery cells and 32
battery cells, inclusive.
[0066] A vehicle housing may be configured to fly and
supporting the battery housing so that an air flow passes
through the battery housing toward an exhaust channel
of the vehicle housing when the vehicle housing is in
motion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0067]

Fig. 1A illustrates an example aircraft, such as an
electric or hybrid aircraft;

Fig. 1B illustrates airflow through the aircraft of Fig.
1A;

Fig. 1C illustrates a simplified block diagram of the
aircraft of Fig. 1A;

Fig. 2 illustrates an example operation system for an
aircraft, such as the aircraft of Fig. 1A;

Figs. 3A and 3B illustrate an example power system
usable in a vehicle, such as the aircraft of Fig. 1A;

Fig. 3C illustrates example components of a power
system, such as the power system of Figs. 3A and
3B;

Figs. 4 and 5 illustrate additional example power
systems usable in a vehicle, such as the aircraft of
Fig. 1A;

Figs. 6A, 6B, 6C, 6D, 6E, 6F and 6G Iillustrate an
example battery module usable in a vehicle, such as
the aircraft of Fig. 1A;

Fig. 7 illustratesexampleconnectedbatterymodules
usable in a vehicle, such as the aircraft of Fig. 1A;

Fig. 8 illustrates an example top cover with holes
usable with a battery module; and

Fig 9 illustrates an example of connection between a
battery cell and a top conductive plate.

DETAILED DESCRIPTION

System Overview

[0068] Fig. 1A illustrates an aircraft 100, such as an
electric or hybrid aircraft, and Fig. 1B illustrates airflow
102 through the aircraft 100. The aircraft 100 has an
aircraft housing 101. The aircraft can include power
sources104, inlets 106, exhausts 108, one ormorewater
separators 110, and one or more filters 112. The inlets
106 can include inlet ports proximate to an exterior of the
aircraft 100 and inlet channels extending from the inlet
ports into the aircraft 100. The exhausts 108 can include
exhaust ports proximate to the exterior of the aircraft 100
and exhaust channels extending from the exhaust ports
into the aircraft 100.
[0069] During operation of the aircraft 100 or when the
power sources 104 may be supplying power, the airflow
102canflow into theaircraft 100 fromoneof the inlets106
(which can be locations of relatively higher pressure),
pass in or around one or more of the power sources 104,
andnext passoutoneof theexhaust ports108 (whichcan
be locations of relatively lower pressure). The airflow102
can cool the one or more the power sources 104 or
facilitate expulsion of heat or combustion components
from the aircraft 100 in the event of a fire at the one or
more of the power sources 104. The air of the airflow 102
can be filtered (for example, by one of the filters 112) as
the air passes through the aircraft 100. Water or other
impurities may be removed from the air (for example, by
one of the one or more water separators 110) as the
airflow 102 passes through the aircraft 100.
[0070] As described herein, the aircraft 100 can in-
clude an electric power system that includes integrated
fire relief channels so that heat created by a fire or
explosion of one of the power sources, such as the power
sources104,maydiverted throughanexhaust channel to
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an exhaust, such as an exhaust port of the exhausts 108.
[0071] The aircraft 100 can include one or more com-
ponentsor featuresofaircraftsdisclosed in (i)U.S.Patent
No. 10,131,246, issuedNovember20, 2018, titled "COM-
MUNICATION SYSTEM FOR BATTERY MANAGE-
MENT SYSTEMS IN ELECTRIC OR HYBRID VEHI-
CLES," (ii) U.S. Patent No. 10,322,824, issued June
18, 2019, titled "CONSTRUCTION AND OPERATION
OF ELECTRIC OR HYBRID AIRCRAFT,".
[0072] Fig. 1C illustrates a simplified block diagram of
an aircraft 150, which can be an implementation of the
aircraft 100 of Fig. 1A. The aircraft 150 includes a motor
160, a management system 170, and a power source
180. The power source 180 can be an implementation of
oneormoreof thepowersources104.Themotor 160can
be used to propel the aircraft 150 and cause the aircraft
150 to fly and navigate. The management system 170
can control and monitor the components of the aircraft
150, such as the motor 160 and the power source 180.
The power source 180 can power the motor 160 to drive
the aircraft 150 and power the management system 170
to enable operations of the management system 170.
The management system 170 can include one or more
controllers as well as other electronic circuitry for con-
trolling and monitoring the components of the aircraft
150.
[0073] The motor 160 can be or include an electrical
motor, such as a DC motor, a one phase AC motor, or a
three phase AC motor. The motor 160 can include an
electric brushlessmotor. Themotor 160can includemore
than onemotor. Themotor 160 canmove the aircraft 150
and drive a (thrust-generating) propeller or a (lift-gener-
ating) rotor. The motor 160 can function as a generator.
The motor 160 can include multiple motors, such as
electric motors. The aircraft 150 can include one or a
plurality of electric motors and, optionally, one or a plur-
ality of thermic motors, and function as a pure electric
airplane or as a hybrid airplane.
[0074] The power source 180 can store electrical en-
ergy and include one or more battery modules that each
include one or more battery cells. The battery cells of a
battery module may be electrically connected in series
and/or parallel with one another to deliver a desired
voltageandcurrent from thebatterymodule. Twoormore
battery modules can be electrically connected in series
and/or in parallel to form a battery pack and deliver a
desired voltage and current from the two or more battery
modules. The aircraft can comprise two or more battery
packs as power source. The battery cells can be lithium-
ion (Li-Ion) battery cells or lithium-polymer (Li-Po) battery
cells.
[0075] Fig. 2 illustrates an operation system 200 of an
aircraft, such as the aircraft 100 of Figs. 1A, 1B, and 1C.
The operation system 200 can include a power manage-
ment system210, amotormanagement system220, and
a recorder 230, as well as a first battery pack 212A, a
second battery pack 212B, a warning panel 214, a fuse
and relay 216, a converter 217, a cockpit battery pack

218, amotor controller 222, one ormoremotors 224, and
a throttle 226. The one or more motors 224 can be an
implementation of the motor 160, the first battery pack
212A and the second battery pack 212B can be an
implementation of the power sources 104 or the power
source 180, and the remaining components can be an
implementation of the management system 170.
[0076] The powermanagement system210, themotor
management system 220, and the recorder 230 can
monitor communications on a communication bus, such
as a controller area network (CAN) bus, and communi-
cate via the communication bus. The first battery pack
212A and the second battery pack 212B can, for in-
stance, communicate on the communication bus en-
abling the power management system 210 to monitor
and control the first battery pack 212A and the second
battery pack 212B. As another example, the motor con-
troller 222 can communicate on the communication bus
enabling the motor management system 220 to monitor
and control the motor controller 222.
[0077] The recorder 230 can store some or all data
communicated (such as component status, temperature,
orover/undervoltage information from thecomponentsor
other sensors) on the communication bus to a memory
device for later reference, such as for reference by the
power management system 210 or the motor manage-
ment system 220 or for use in troubleshooting or debug-
ging by a maintenance worker. The power management
system 210 and the motor management system 220 can
each output or include a user interface that presents
status information and permits system configurations.
The power management system 210 can control a char-
ging process (for instance, a charge timing, current level,
or voltage level) for the aircraft when the aircraft is
coupled to an external power source to charge a power
source of the aircraft, such as the first battery pack 212A
or the second battery pack 212B. Features around con-
struction and operation of the power management sys-
tem210 are described in greater detail in U.S. Patent No.
10,131,246, issuedNovember 20, 2018, titled "COMMU-
NICATION SYSTEM FOR BATTERY MANAGEMENT
SYSTEMS IN ELECTRIC OR HYBRID VEHICLES,".
[0078] The warning panel 214 can be a panel that
alerts apilot or another individual or computer to an issue,
such as a problem associated with a power source like
the first battery pack 212A. The fuse and relay 216 canbe
associated with the first battery pack 212A and the sec-
ond battery pack 212B and usable to transfer power
through a converter 217 (for example, a DC-DC conver-
ter) to a cockpit battery pack 218. The fuse and relay 216
can protect one or more battery poles of the first battery
pack 212A and the second battery pack 212B from a
short or overcurrent. The cockpit battery pack 218 may
supply power for the communication bus.
[0079] The motor management system 220 can pro-
vide control commands to themotor controller 222,which
can in turn be used to operate the one or more motors
224. The motor controller 222 may further operate ac-
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cording to instructions from the throttle 226 that may be
controlled by a pilot of the aircraft.
[0080] The power management system 210 and the
motormanagement system220 canexecute the sameor
similar software instructions and may perform the same
or similar functions as one another. The power manage-
ment system210, however,may be primarily responsible
for power management functions while the motor man-
agement system 220may be secondarily responsible for
the power management functions. Similarly, the motor
management system 220 may be primarily responsible
for motor management functions while the power man-
agement system 210may be secondarily responsible for
the motor management functions. The power manage-
ment system 210 and the motor management system
220may include the same or similar computer hardware,
or a single hardware may perform both functions.

POWER AND FIRE MANAGEMENT SYSTEMS

[0081] Fig. 3A illustrates a power system 300 usable in
a vehicle, such as the aircraft 100, and prior to a fire. The
power system 300 includes an exhaust channel 342, an
inlet channel 344, and a battery module 350. The battery
module includes a battery housing 308 that supports
battery cells 312, 314, 316, and 318. The exhaust chan-
nel 342 can be coupled or positioned proximate to the
battery housing to prevent a fire in one of the battery cells
312, 314, 316, or 318 from spreading to another of the
battery cells 312, 314, 316, or 318. One or a plurality of
battery modules 350 with battery housings 308 and the
associated battery cells 312, 314, 316, and 318 can
together form a battery pack and be part of a power
source for the vehicle, such as the power source 180.
[0082] The battery housing 308 can support a first
conductive plate 306 (top plate), an optional insulative
material 304, and the battery cells 312, 314, 316, and
318. The battery housing 308 can at least partially sur-
round the top plate 306, the insulative material 304, and
the battery cells 312, 314, 316, and 318. The battery
housing 308 can be formed of or include plastic and can
have an outer shape substantially shaped as a rectan-
gular prismor cube. The battery housing 308 can support
oneormoreadditional battery cells (not shown)within the
battery housing 308 and alongside the battery cells 312,
314, 316, and 318 so that the battery housing 308 may
support 8, 9, 10, 12, 16, or more battery cells, for exam-
ple.
[0083] The conductive top plate 306, the optional in-
sulativematerial 304, and the battery cells 312, 314, 316,
and 318 can be layered so that the top plate 306 (or at
least a portion thereof) may be positioned between the
insulative material 304 and the battery cells 312, 314,
316, and 318. In addition or alternatively, the insulative
material 304 (or at least a portion thereof) can be posi-
tioned between the top plate 306 and the battery housing
308.
[0084] The top plate 306 can electrically connect all

battery cells 312, 314, 316, and 318 in the batterymodule
350. As illustrated in Fig. 3A, the battery cells 312, 314,
316, and 318 can be oriented in the same direction such
that the top plate 306 contacts or electrically connects to
positive terminals of the battery cells 312, 314, 316, and
318, thereby electrically connecting the battery cells 312,
314, 316, and 318 in parallel with one another. In other
implementations, the top plate 306 can contact a nega-
tive terminal of thebattery cells 312, 314, 316, and318, or
one ormore of the battery cells 312, 314, 316, or 318 can
be oriented in an opposite direction from another of the
battery cells 312, 314, 316, or 318.
[0085] Althoughnot illustrated inFig. 3A,multipleof the
top plates 306 can be provided. For example, multiple
conductive bars as top plates can each be arranged for
electrically connecting a subset of the battery cells 312,
314, 316, and 318. As the multiple conductive bars may
cover a smaller surface area than the top plate 306, a
weight of the power system300 can be reduced by use of
the multiple conductive bars.
[0086] The top plate 306 can be electrically conductive
and composed of one or more conductive materials. For
example, the top plate 306 can include copper, alumi-
num, steel, silver, gold, zinc, nickel, iron, platinum, or a
combination thereof. In other implementations, the top
plate 306 may not be conductive. The top plate 306 or at
least portions thereof can withstand the temperature of a
fire of one of the battery cells 312, 314, 316, and 318 so
that a fire from one does not burn through the top plate
306or the at least portions thereof. The topplate 306may
allow the fire of one of the battery cells 312, 314, 316, and
318 to pass through the top plate 306 (such as through a
hole in or on the topplate306) so that the fire is directed to
the exhaust channel 342 but does not reach the other of
the battery cells 312, 314, 316, and 318.
[0087] The battery housing 308 can support a second
conductive plate 324 (also referred to as a base plate)
that may electrically connect negative terminals (some-
times referred to as anodes) of the battery cells 312, 314,
316, and 318. The base plate 324 can be electrically
conductive and composed of one or more conductive
materials, which may be similar to or the same as the top
plate 306. In other implementations, the base plate 324
may not be conductive.
[0088] Thebottomplate324mayallow thefireof oneof
the battery cells 312, 314, 316, and 318 to pass through
the bottom plate 324 (such as through a hole in or on the
bottomplate 324) so that the fire does not reach the other
of the battery cells 312, 314, 316, and 318.
[0089] As with the top plate 306, multiple of the base
plates 324 can be provided although not illustrated in Fig.
3A. For example,multiple conductive bars as baseplates
can eachbe arranged for electrically connecting a subset
of thebattery cells 312, 314, 316, and318.As themultiple
conductive bars may cover a smaller surface area than
the base plate 324, aweight of the power system300 can
be reduced by use of the multiple conductive bars. The
battery housing 308 can support a housing circuit board
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assembly 326. The housing circuit board assembly 326
can control the transfer of power from or to the battery
cells 312, 314, 316, or 318, aswell as includeoneormore
sensors for monitoring a voltage, a temperature, or an
internal pressure of the battery cells 312, 314, 316, or 318
or another associated characteristic. The housing circuit
board assembly 326 can provide galvanic isolation with
respect to other components. Although the housing cir-
cuit board assembly 326 is illustrated on a side of the
battery housing 308, the housing circuit board assembly
326 can be located or positioned elsewhere in, on, or
proximate to the battery housing 308, such as one or
more of its bottom or another side. The housing circuit
board assembly 326 can be within or out of the path of a
potential fire from the battery cells 312, 314, 316, and
318. The housing circuit board assembly 326 may be a
thermal isolator. Aswill be described, an additional circuit
board can provided, for example as part of the top plate
306. Multiple circuit boards can be mutually connected
with electric connectors.
[0090] The battery cells 312, 314, 316, and 318 can
store electrical energy. The electrical energy can be
utilized for driving one ormoremotors, such as themotor
160. The one or more motors can propel a vehicle hous-
ing that is configured to fly. The battery cells 312, 314,
316, and 318 can be used to additionally or alternatively
power other components supported by the vehicle hous-
ing.
[0091] The battery cells 312, 314, 316, and 318 can
electrically be connected in series and/or in parallel to
deliver a desired voltage and current. One or more of the
battery cells 312, 314, 316, and318 canbeLi-Ionor Li-Po
battery cells. Thebattery cells 312, 314, 316, and318can
be substantially shaped as a cylinder.
[0092] The insulativematerial 304 can be fire retardant
or not heat conductive. As illustrated, the insulative ma-
terial 304 can be on top of the top plate 306 and prevent a
fire from leaving theexhaust channel 342. For example, if
one of battery cells 312, 314, 316, and 318 combusts and
causes a fire, the fire can pass or burn through the top
plate 306 or the insulativematerial 304 on its way into the
exhaust channel 342, andafter thefireenters theexhaust
channel 342, the top plate 306 and the insulativematerial
304 canprevent the fire from leaving theexhaust channel
342 and reaching the other of the battery cells 312, 314,
316, and 318. The insulative material 304 may not be
included in the battery module 350 in certain embodi-
ments.
[0093] The top plate 306 and/or the insulative material
304 can include one ormore holes or valves, such as one
hole or valve above each of the battery cells 312, 314,
316, and 318, to permit the fire to pass through to the
exhaust channel 342 but not pass back into one of the
other holes or valves and into another of the battery cells
312,314, 316,and318.The topplate306or the insulative
material 304 can include one or more holes or valves for
allowing air to flow through the power system 300. For
example, air can flow in through the inlet channel 344,

pass through the battery housing 308 (for instance,
around the battery cells 312, 314, 316, and 318 or from
their negative to positive terminals), around or through
the top plate 306 (for instance, such as through one or
more holes therein) or the insulative material 304 (for
instance, suchas throughoneormoreholes therein), and
flow out through the exhaust channel 342. The top plate
306 and/or the insulative material 304 can additionally or
alternatively include one or more separate regions of
lower integrity (such as above each of the battery cells
312, 314, 316, and 318 and that may be prone to weak-
ening by a fire) and higher integrity (such as not above
each of the battery cells 312, 314, 316, and 318 and that
maynot beprone toweakeningbyafire) so that a firemay
weaken one region of lower integrity and then pass
through the weakened region to the exhaust channel
342 but not burn through one or more other regions of
lower or higher integrity and pass into another of the
battery cells 312, 314, 316, and 318. The top plate 306
and/or the insulative material 304 can include at least
some holes (for example, so that air can pass from the
inlet channel 344 to the exhaust channel 342, or from the
exhaust channel 342 to the inlet channel 344) and include
at least some regions of lower integrity (for example, so
that fire or air may pass through the top plate 306 or the
insulative material 304 and exhaust through the exhaust
channel 342 or the inlet channel 344).
[0094] The exhaust channel 342 or the inlet channel
344 can include an at least partially enclosed space 334.
As illustratedbyFig. 3B, after a fire332 in onebattery cell,
suchas thebattery cell 314, theat least partially enclosed
space 334 can transfer combustion products, fumes,
smoke, heat, or steam from the fire 332 toward or to
an exhaust port of the vehicle housing, such as one of the
exhausts108.As illustrated, to facilitate theevacuationof
the combustion products, fumes, smoke, heat, steam, or
air through the exhaust channel 342, air can be funneled
through the aircraft. For example, air from outside of the
aircraft (for instance, in front of the aircraft) can enter
through the inlet channel 344, pass at least partially
around one or more of the battery cells 312, 314, 316,
or 318, and exit through the exhaust channel 342 (for
instance, behind the aircraft, such as behind a wing). A
configuration such as this can create a vacuum for air-
flow, for example, where the air enters through a higher
pressure inlet (for instance, the inlet channel 344) and
exits through a lower pressure outlet (for instance, the
exhaust channel 342). The low pressure of the exhaust
channel 342 can facilitate the flow of air through the
power system 300, in that the lower pressure serves to
suck the air or combustion components from the exhaust
channel outside of the aircraft. The power system 300
can, in some implementations, include the inlet channel
344 or the exhaust channel 342 butmay not include both.
The power system 300 can include a fan or other air
circulating device (not shown) to facilitate the evacuation
of the combustion products, fumes, smoke, heat, steam,
or air through the exhaust channel 342 or into the inlet
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channel 344.
[0095] During normal operation, air from the inlet chan-
nel 344 can flow between the battery cells 312, 314, 316,
or 318 and cool the battery cells 312, 314, 316, or 318 in
the battery module 350.
[0096] The battery housing 308 (as well as a vehicle
housing in which the battery housing 308 may be posi-
tioned) can permit an air flow through the battery housing
308 during operation of the vehicle so that airmay tend to
flow fromnegative terminals of the battery cells 312, 314,
316, and 318 to the positive terminals. This may help to
facilitate a flow of the combustion products, fumes,
smoke, heat, or steam from the battery cells 312, 314,
316, and 318 into the exhaust channel 342 and towards
or to one or more exhaust ports. Air flow through the
battery housing 308may additionally or alternatively cool
the battery cells 312, 314, 316, or 318 as it flows through
the battery housing 308. Accordingly, air flow through the
power system 300 may have a dual purpose of cooling
the battery cells 312, 314, 316, and 318 and facilitating
theexhaustof combustionproducts, fumes, smoke, heat,
or steam if one or more of the battery cells 312, 314, 316,
and 318 catch fire. This dual purpose may be desirably
performed without the additional weight of include two
different systems for the purposes of cooling the battery
cells 312, 314, 316, and 318 and facilitating the exhaust
of combustion products, fumes, smoke, heat, or steam if
one or more of the battery cells 312, 314, 316, and 318
catch fire.
[0097] Fig. 3C illustrates example components of an
embodiment of the battery module 350. As shown, bat-
tery cells 360 can be positioned proximate to a top plate
362 (also referred to as conductive plate). The top plate
362 can include air outlets 352 (for instance, holes) that
are positioned along spaces between the battery cells
360. The air outlets 352 can permit air to pass by the
battery cells 360 as described herein. On an opposite
side of the battery cells 360 from the top plate 362, a
bottom plate 372 (also referred to as base plate) can be
positioned proximate to the battery cells 360 and can be
the same as or similar to the top plate 362.
[0098] Furthermore, the top plate 362 can include, or
be coupled to, one or more regions of lower integrity
(such as a first region of lower integrity 354), and indivi-
dual regions of lower integrity may be separated from
other regions of lower integrity by regions of higher
integrity. The one or more regions of lower integrity can
be located throughout the top plate 362, and may be
positioned above the battery cells 312, 314, 316, or 318,
abovespacesbetween thebattery cells, or a combination
thereof. The regions of lower integrity can include a tab
configured to be shifted away from a battery cell, should
the battery cell explode or catch fire. The tab can include
nickel, copper, or aluminum.
[0099] Fig. 4 illustrates a power system400 usable in a
vehicle, such as the aircraft 100. The power system 400
can be similar to the power system 300 but may include
two battery modules 350 in two battery housings (a first

battery housing 408A and a second battery housing
408B) rather than a single battery module 350 in one
battery housing (the battery housing 308) and may in-
clude two exhaust channels (a first exhaust channel
442A and a second exhaust channel 442B) rather than
a single exhaust channel (the exhaust channel 342). The
power system 400 may include one or more inlet chan-
nels 444 (for instance, similar to inlet channel 344) into
which air can flow, such as from outside of the aircraft.
The first battery housing 408A and the second battery
housing 408B can each be similar to or the same as the
battery housing 308 andmay, although not illustrated, be
physically connected to one another. The first exhaust
channel 442Aand the second exhaust channel 442B can
eachbesimilar toor thesameas theexhaust channel342
and divert combustion products, fumes, smoke, heat, or
steam from a fire toward or to one or more exhaust ports
of the vehicle housing, such as one of the exhausts 108.
The battery cells of the first battery housing 408A and the
second battery housing 408B can be electrically con-
nected in parallel or series with one another and can
together bepart of apower source for thevehicle, suchas
one of the power sources 104 or the power source 180.
[0100] Fig. 5 illustrates a power system500 usable in a
vehicle, such as the aircraft 100. The power system 500
can be similar to the power system 300 but may include
two battery modules 350 in two battery housings (a first
battery housing 508A and a second battery housing
508B) rather than a single battery module 350 in a single
battery housing (the battery housing 308) that may be
coupled or positioned proximate to an exhaust channel
542 or an inlet channel 544. The first battery housing
508A and the second battery housing 508B can each be
similar to or the same as the battery housing 308 and
may, although not illustrated, be physically connected to
one another. The exhaust channel 542 can be similar to
or the same as the exhaust channel 342 and divert
combustion products, fumes, smoke, heat, or steam from
a fire 332 toward or to an exhaust port of the vehicle
housing, such as one of the exhausts 108. The inlet
channel 544 and exhaust channel 542, together with
top plates (conductive plates) or insulative materials
included in the first battery housing 508A and the second
battery housing 508B, can prevent a fire in one of the
battery cells included in thefirst batteryhousing508Aand
the second battery housing 508B from spreading to an-
other of the battery cells included in the first battery
housing 508A and the second battery housing 508B.
The battery cells of the first battery housing 508A and
the second battery housing 508B can be electrically
connected in parallel and/or series with one another,
for example through the top plate 306 and through the
bottom plate 324, and can together be part of a power
source for the vehicle, such as one of the power sources
104 or the power source 180.
[0101] Although Fig. 4 illustrates two physically-paral-
lel battery housings coupled or proximate to two exhaust
channels, this disclosure can be extended to additional
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battery housings coupled or proximate to additional ex-
haust channels that are physically parallel with the power
system 400. Although Fig. 5 illustrates two battery hous-
ings coupled or proximate to one exhaust channel, this
disclosure can be extended to additional battery hous-
ings coupled or proximate to the one exhaust channel.
Moreover, the features of this paragraph can be com-
bined to construct multiple parallel or similar exhaust
channels that may individually provide cooling and divert
combustion products, fumes, smoke, heat, or steam from
fires in multiple battery housings of any type disclosed in
this document, toward or to one or more exhaust ports of
the vehicle housing.
[0102] Fig. 6A to6G illustratesexample components of
a battery module 800 (sometimes referred to as battery
pack, or which could be part of a battery pack comprising
a plurality of such battery modules). The battery module
800 can be at least a partial implementation of the power
system300of Figs. 3Aand3B.Featuresandadvantages
described or illustrated in relation with the battery mod-
ules 350 of Figures 3A, 3B, 4 or 5 could be combinedwith
the additional features and advantages described or
illustrated in relation with the battery modules 800 of
Figures 6A to 6G, unless otherwise described. Further-
more, the battery module 800 may be used in place of or
alongside one or more of the battery modules 350 de-
scribed with respect to Figs. 3A, 3B, 4, and 5.
[0103] Fig. 6A illustrates the battery module 800 com-
pletely assembled, while Figs 6B to 6G illustrate various
parts or sub-assemblies of the battery module 800 with
successively more sub-parts being removed to show the
inner components of the battery module 800.
[0104] Thebatterymodule 800 canbe constructedand
disposed to facilitate a controlled expulsion of heat or
combustion components from a battery cell of the battery
module 800 that catches fire so that the heat or combus-
tion components does not reach one or more other
battery cells of the battery module 800 or another com-
ponent of the vehicle that may be unable to withstand the
heator combustioncomponents.Thebatterymodule800
can desirably prevent, by thermic isolation, the transmis-
sion of heat from one overheating battery cell to another
battery cell of the batterymodule 800or of another battery
module, whichmayavoid a chain reaction of starting fires
in the one or more other battery cells of the vehicle.
[0105] The batterymodule 800 can include a top hous-
ing 804, a top plate (also referred to as conductive plate)
862, multiple cell tubes (including cell tubes 812, 813,
814),multiple battery cells (including a battery cell 8120),
multiple spacers (including spacers 863, 864, 865), a
bottom plate 824 (also referred to as base plate), a
module circuit board assembly 820, multiple sensors,
multiple connectors (including a connector 825), and a
bottomhousing 826. Features of the corresponding com-
ponents of the battery module 350 can also apply to the
battery module 800, unless indicated otherwise.
[0106] The top housing 804 and the bottom housing
826 can be or include a plastic. The plastic can be flame

retardant. The top housing 804 and the bottom housing
826 can be assembled together, for example by clipping
or fastening to each other, and provide structural support
for the other components of the battery module 800 and
protect the other components of the battery module 800
from humidity or dust.
[0107] The top housing 804 and the bottom housing
826 or at least portions thereof can withstand the tem-
perature of a fire of one of the multiple battery cells of the
batterymodule800so that the fire fromonedoesnot burn
through. Moreover, the top housing 804 and the bottom
housing 826 can continue to provide structural support
despite the fire of one of the multiple battery cells of the
battery module 800.
[0108] The top housing 804 and the bottom housing
826 can together provide the battery module 800 an
external shape of a rectangular prism or cube. The top
housing 804 and the bottom housing 826 can have the
same or similar structures such that the top housing 804
and the bottom housing 826 can be used in place of one
another. The top housing 804 and the bottom housing
826 can together form a battery housing for the battery
module 800.
[0109] The multiple cell tubes of the battery module
800 can include a total of nine cell tubes as illustrated. In
other implementations, the battery module 800 may in-
stead include a total of 2·Nor 3·N cell tubeswhereN is an
integer. Themultiple cell tubes can be arranged in one or
more rows (such as two, three, four, or more rows) and
one or more columns (such as two, three, four, or more
columns). At least some of each of themultiple cell tubes
canhave thesameor similar structuresso that theat least
some of each of the multiple cell tubes may be used in
place of one another.
[0110] The battery module 800 can include cooling
plates (not shown) for distributing heat evenly between
the cell tubes. The batterymodule 800 can include one or
more thermal fuses (not shown). Individual of the thermal
fuses can decouple one of the multiple cooling plates
fromoneof themultiple cell tubes responsive to a thermal
runaway, such as if a fire starts within or proximate to the
one of the multiple cell tubes.
[0111] One battery cell, such as the battery cell 8120
(Fig. 6D), can be mounted into each of the battery cell
tube, such as the cell tube 812. Each battery cell can be
protected from mechanical shocks, heats, humidity, and
other hazards by the cell tube in which it is mounted. The
battery cell may be electrically isolated from the cell tube
in which it is housed by a plastic film around the battery
cell. A surface treatment can be applied to the inner
surface and/or to the outer surface of each cell tube in
order to make this surface electrically isolating and re-
duce the risk of short-circuit through the cell tube. The
treatment can protect the cell tube, such as an aluminium
cell tube, from corrosion.
[0112] Each battery cell, including the battery cell
8120, can be mounted to the top plate 862 with a top
spacer, such as one of the top spacers 863, 864 or 865,
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accommodated in a correspondinghole, suchas thehole
868, through the top plate 862. The top spacer supports
thebattery cell and thecorresponding cell tubeso that the
top spacer, the corresponding hole through the top plate,
the corresponding battery cell and the corresponding
battery cell tube can all be positioned coaxially and fixed
with respect to one other. The outer diameter of the
battery cell is preferably smaller than the inner diameter
of the cell tube, so that the battery cell is isolated from the
walls of the cell tube with a plastic film.
[0113] The top spacers, such as the top spacers
863‑865, can be made of or comprises an electrically
isolating, heat isolating and heat resistant material, to
prevent heat from one overheating battery cell being
transmitted through the top spacer to the top plate 862.
The top spacer can be made of ceramic, glass-fiber or
heat resistant plastic. The top spacer may comprise one
part that is forced in the hole through the top plate 862, or
two partswhich can be screwed together. As can be seen
in Figure 6E that illustrates a cell tube, a battery cell and
the top plate 862 without the top spacer, the cell tube and
the battery cell may not be in direct contact with the top
plate 862, and the top spacer can isolate these three
components thermally and electrically from each other.
[0114] The top spacers can be shaped as a ring. Each
topspacer canhavean inner edgeonafirst sideof the top
spacer and an outer edge on a second side of the top
spacer opposite the first side. The inner edge8631on the
first side of the top spacer can circumferentially surround
and support an outer diameter of part of the cell tube. The
outer edge 8630 on the second side of the top spacer can
be positioned in the hole of the top plate 862 to support
the top plate 862.
[0115] Each battery cell, including the battery cell
8120, can be mounted to the bottom plate 824 with a
bottom spacer, such as the bottom spacers 827 and 828,
accommodated in a corresponding hole (not referenced)
through the bottom plate 824. The bottom spacer sup-
ports the battery cell and the corresponding cell tube so
that the bottom spacer, the corresponding hole through
the bottom plate, the battery cell and the corresponding
cell tubeareall coaxially positionedandfixedwith respect
to each other. The bottom spacers can be made of or
comprise a heat isolating and heat resistant material, to
prevent heat from one overheating battery cell being
transmitted through the bottom spacer to the cell tube
or to the bottom plate 824. The bottom spacer can be
made of ceramic or heat resistant plastic. The bottom
spacers and the top spacersmay be identical, so that the
top spacers and the bottom spacers can be mutually
interchangeable. The bottom spacer may comprise
one part that is forced in the hole through the bottom
plate, or two parts which can be screwed together.
[0116] The top spacer can bemade of electric isolating
material. The top spacer can provide an electric isolation
between the negative pole of the battery cell 8120 on one
side and the electronic components 822, the conductive
layer 8620or thePCB tracks in the conductive layer 8622

on the other side. If one wire bond 807 breaks or fuses,
this electric isolation thus prevents electrical arcing be-
tween the battery cell 8120 and a conductive portion of
the top plate 862. The outer edge 8630 of the top spacer
can be thicker than the top plate 862 and form a rim 8632
that protrudes over the upper surface of the top plate 862
to increase the distance between the battery cell 8120
and the conductive portions 8622, 8620, 822 of the top
plate, thus reducing the risk of electrical arcing.
[0117] In a similar way, the bottomspacer can bemade
of electric isolating material. The bottom spacer can
provide an electric isolation between the positive pole
of the battery cell 8120 on one side and the bottom plate
824 on the other side and protrudes under the lower face
of the bottom plate 824. If one wire bond 807 breaks or
fuses, this electric isolation thus prevents electrical arc-
ing between the battery cell 8120 and a conductive por-
tion of the bottom plate 824.
[0118] This arrangement with heat-isolating spacers
for supporting the battery cells and the cell tubes with
the top and bottom plates can prevent or reduce the
transmission of heat between an overheating battery cell
and other battery cells of the same battery module
through the top or bottom plate. Even if a cell tube
becomes hot, for example if a battery cell within a cell
tube burns or explodes, the top and bottom spacers can
reduce the conductive transmission of heat from the cell
tubes to other battery cells or cell tubes through the top
and bottom plates 862 and 824 respectively.
[0119] The multiple battery cells, including the battery
cell 8120, of the battery module 800 can store electrical
energy. The electrical energy can be utilized for driving
one or more motors, such as the motor 160. The one or
more motors can propel a vehicle housing that is config-
ured to fly. The multiple battery cells can be used to
additionally or alternatively power other components
supported by the vehicle housing.
[0120] One or more of the multiple battery cells can be
Li-Ion or Li-Po battery cells. Individual of the multiple
battery cells may be self-contained and be an off-the-
shelf battery cell. The multiple battery cells can be sub-
stantially shaped as a cylinder. At least some of each of
the multiple battery cells can have the same or similar
structures so that the at least someof each of themultiple
battery cells may be used in place of one another.
[0121] The multiple battery cells of the battery module
800 or subsets thereof can be electrically connected in
series or parallel with one another to deliver a desired
voltage and current. As illustrated in Fig. 9, for example,
all of the multiple battery cells can be electrically con-
nected in parallel with one another through the top plate
862 on one side and through the bottom plate 824 on the
other side. As will be described, the top plate 862 and the
bottom plate 824 each can comprise a relatively thick
conductive layer, suchas for example analuminium layer
8620, for conducting the relatively high currents that are
delivered by the plurality of battery cells in parallel.
[0122] Individual of the multiple battery cells of the
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battery module 800 can provide a current of 5 A, 10 A,
15A, 20 A, 25 A, 30 A, 35 A, 40A, 45 A, or 50 A or within a
range defined by two of the foregoing values or another
value greater or less than the foregoing values. Individual
of themultiple battery cells can provide a voltage of 3.0 V,
3.2V, 3.4V, 3.5V, 3.6V, 3.8V, 4.0V, 4.2V, 4.4V, 4.5V, 4.6
V, 4.8 V, or 5.0 V or within a range defined by two of the
foregoing values or another value greater or less than the
foregoing values. Individual of the multiple battery cells
can provide an energy output of 5 Wh, 10Wh, 15Wh, 20
Wh, 25Wh, 30Wh, 35Wh, 40Wh, 45Wh, 50Wh, 55Wh,
60Wh, 65 Wh, 70Wh, 75Wh, 80 Wh, 85Wh, 90Wh, 95
Wh, or 100 Wh or within a range defined by two of the
foregoing values or another value greater or less than the
foregoing values. Individual of themultiple battery cells of
the battery module 800 can have a height of 40 mm, 45
mm,50mm,55mm,60mm,65mm,70mm,75mm,or 80
mm or within a range defined by two of the foregoing
values or another value greater or less than the foregoing
values. Individual of the multiple battery cells of the
battery module 800 can have a diameter of 10 mm, 11
mm, 12 mm, 13 mm, 14 mm, 15 mm, 16 mm, 17 mm, 18
mm, 19 mm, 20 mm, 21 mm, 22 mm, 23 mm, 24 mm, 25
mm, 26mm, 27mm, 28mm, 29mm, or 30mmor within a
range defined by two of the foregoing values or another
value greater or less than the foregoing values.
[0123] Individual of the multiple battery cells of the
battery module 800 can be positioned within individual
of the multiple cell tubes, as well as removed from in-
dividual of the multiple cell tubes. The fit of the individual
of the multiple battery cells of the battery module 800
within the individual of the multiple cell tubes can, for
instance, be a loose fit or a light interference fit. The
multiple battery cells can be arranged in the multiple cell
tubes so that negative terminals, such as a negative
terminal 815, may be directed toward the top housing
804 rather than the bottom housing 826. Alternatively,
one or more of the multiple battery cells can be arranged
in themultiple cell tubes so that positive terminalsmaybe
directed toward the top housing 804 rather than the
bottom housing 826.
[0124] The top plate 862 can be used to electrically
connect twoormore terminals of themultiple battery cells
of the battery module 800. For example, where themulti-
ple battery cells can be arranged in themultiple cell tubes
so that negative terminals are directed toward the top
housing 804, the top plate 862 can electrically connect
the negative terminals to one another, such as via top
wire bonding 807 through the hole 868, as shown in Fig.
6C, 6F and 9 (such as aluminumwire bonding) or instead
via spot welding. If the top plate 862 may be connected
via the topwirebonding807, the topwirebonding807can
function as a fuse and decouple itsmechanical, electrical
and thermal connection responsive to ahigh temperature
condition or a high electrical current condition.
[0125] The top plate 862 may comprise a plurality of
subplates, for example, two, three, four, five, six, or any
number of sub plates.

[0126] The top plate 862 may be conductive and elec-
trically connected to a top plate or bottomplate of another
battery module (not shown). The multiple battery cells of
the battery module 800 can be electrically in series or
parallel with the multiple battery cells of the another
batterymodule. In one example, themultiple battery cells
of thebatterymodule800 canbeelectrically connected in
serieswith themultiple battery cells of the another battery
module so that a combined voltage output from the
battery module 800 and the another battery module
may provide a desired voltage level.
[0127] The bottom plate 824 can be conductive and
used to electrically connect two or more terminals of the
multiple battery cells of the battery module 800. For
example, where the multiple battery cells can be ar-
ranged in themultiple cell tubes so that positive terminals
are directed toward the bottom housing 826, the bottom
plate 824 can electrically connect positive terminals of
the multiple battery cells to one another, such as via
bottom wire bonding 830 shown in Fig. 6B and 9 (such
as aluminiumwire bonding) or instead via spot welding. If
the bottom plate 824 may be connected via the bottom
wire bonding 830, the bottom wire bonding 830 can
function as a fuse and decouple itsmechanical, electrical
and thermal connection responsive to ahigh temperature
condition or a high electrical current condition.
[0128] The bottom plate 824 may comprise a plurality
of subplates, for example, two, three, four, five, six, or any
number of sub plates.
[0129] The bottom plates of one battery module, such
as the battery module 800, can, as shown in Fig. 7,
mechanically (for example, via one or more fasteners
or an adhesive) and electrically connect to another top
plate, such as another top plate 702, of at least one
different battery module, such as the battery module
700. The mechanical connections can fix the battery
module 800 to the different battery module 700 within a
same battery pack. The multiple battery cells of the
battery module 800 can be electrically connected in
series or parallel with the multiple battery cells of the
different batterymodule 700 in a battery pack.Where the
structure of the different battery modules 700may be the
sameor similar to the structure of thebatterymodule800,
the different battery module 700 and the battery module
800 can, for instance, be connected in series with one
another. The different batterymodule 700and the battery
module 800 can be electrically connected in series with
themultiple battery cells of the another batterymodule so
that a combined voltage output from the battery module
800 and the another battery module may provide a de-
sired voltage level.
[0130] Although Fig. 7 illustrates two battery modules
700, 800mechanically and electrically connected, one or
more additional battery modules can be similarly me-
chanically and electrically connected. For example,
three, four, five, six, seven, eight, nine, ten, or more
battery modules can be similarly mechanically and elec-
trically connected to together in a row to form a battery
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pack as power source having a greater performance
capability (such as a greater voltage, current, or power
output) than an individual one of the batterymodules or a
subset of the battery modules.
[0131] The top plate and the bottomplate of the battery
module 800 can be or include aluminum, copper, or
another conductive material. Although the top and bot-
tomplatesof thebatterymodule800areshownasplates,
the platesmay each instead be one ormore bars in other
implementations.
[0132] Figure 9 illustrates an example of mounting of
the battery cell 8120 and the cell tube 812 between the
top plate 862 and the bottom plate 824. The battery cell
8120 and the battery cell tube 812 are fixed or glued with
top spacers 863 and bottom spacers 827 to the top plate
862 and to the bottom plate 824 respectively.
[0133] The top plate 862 comprises a printed circuit
board (PCB) with a aluminium layer 8620 (which may be
relatively thick), an isolating layer 8621, suchasanepoxy
layer, and a conductive layer 8622, such as a copper
layer, (which may be relatively thin, such as thinner than
the aluminium layer 8620). The aluminium layer 8620 is
used as conductive plate for connecting the different
battery cells of the battery module 800. Using aluminium
can reduce the weight of the top plate 862; alternatively,
other conductive materials, including copper, could be
used in place of or in addition to aluminium. Since the
layer 8620 is relatively thick, it can withstand the addition
of currents from the plurality of battery cells in the battery
module.
[0134] The conductive layer 8622 can bemade up of a
plurality of PCB tracks and PCB pads for mounting and
connecting multiple electronic components 809, 822,
such as one or more sensors 809, one or more switches
(such as relays, MOSFETs, IGBTs) and/or one or more
controllers . Each track of the conductive layer may, in
certain implementations, be constructed to withstand the
current from nomore than one battery cell, or a portion of
thecurrent fromonebattery cell, so that each trackcanbe
made relatively thin and light.
[0135] The one or more sensors 809 can be used for
monitoring a voltage, a current, a temperature, or an
internal pressure of each or the plurality of battery cells.
The one ormore sensors can bemounted on aPCB track
of the conductive layer 8622, or, as the temperature
sensor 809, between such a PCB track and the battery
cell 8120. One or more sensors can be located remotely
from the PCB tracks and connected to the PCB tracks to
monitor parameters outside of thePCB track, such as the
battery cell surface temperature.
[0136] The one or more switches can be used for
selectively disconnecting each single battery cell, for
example in case of over-temperature, over-current,
over-voltage, over-pressure and/or other malfunctions
of the battery cell.
[0137] The one or more controllers may be used for
controlling the transfer of energy from or to the multiple
battery cells of the battery module 800 or may monitor

one or more parameters of themultiple battery cells. The
one or more controllers can be in electrical communica-
tion with the multiple sensors to permit the one or more
controllers to monitor at least some of the one or more
parameters with the multiple sensors.
[0138] The aluminium layer 8620 can face the bottom
plate 824 while the conductive layer, tracks 8622 may
face the top direction of the battery module 800, toward
the top housing 804. The conductive layer 8622 and the
epoxy layer 8621 may be milled in order to create blind
holes 869 for electrically connecting via wire-bonding the
conductive layer 8620 with the battery cell 8120, the
electronic components 822 and/or one track of the con-
ductive layer 8622.
[0139] The current from one pole of the battery cell
8120 can flow directly to the conductive track 8620, for
example through direct wire-bonding between the bat-
tery cell and the conductive track 8620. A pole of the
battery cell can be connected through onewire-bond 807
to one PCB track of the conductive layer 8622, and the
current can flow through this PCB track to one or a
plurality of electronic components 809, 822 such as
sensorsand/or switches, and then, via anotherPCB track
of the conductive track 8622 and another wire-bond 808
that goes though a blind hole 869, to the thick conductive
layer 8620where the currentwill be added to the currents
from one or more other battery cells. The sensor can be
used for measuring a current or other parameters of the
battery cell. The switch canbe used for disconnecting the
battery cell from the aluminium layer 8620 when a dis-
function of the battery cell 8120 is detected by one
sensor.
[0140] The multiple sensors can include one or more
sensors, such as the sensor 822 or the temperature
sensor 809.Sensorsmayphysically pass throughsensor
holes (not shown) through the top plate 862 to permit the
one or more sensors to detect one or more temperatures
proximate to or ononeormoreof themultiple cell tubesor
multiple cooling plates of the battery module 800.
[0141] The wire-bonds, such as wire bonds 807 and
808, can be used as fuses for disconnecting a battery cell
when the temperature of one wire-bonds becomes suffi-
ciently hot that the wire-bondmelts. Themelting of one of
the wire-bondsmay prevent greater than a set amount of
current from passing, such as greater than amultiple (for
instance, 1, 2, 3, 4, 5, 10, or 20 times) of a maximum
operating current for the battery cell.
[0142] The one or more controllers can control opera-
tions of the battery module 800 and transfer of energy
from or to the multiple battery cells at least according to
sensor data generated by the multiple sensors. For ex-
ample, the one or more controllers can shut down power
generation by the battery module 800 or trigger an alarm
responsive to a detected high temperature condition by
one of the multiple sensors.
[0143] In another embodiment (not shown), the isolat-
ing layer 8621 of the top plate 862 can be a thin isolating
layer that may not be rigid, and the upper copper layer
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8622 can be replaced with a flexible printed circuit board
(Flex PCB) fixed or glued to that isolating layer. The
electric connection between the battery cell and the flex
PCB’s tracks or components 822 can be done by wire
bonding and the electric connection from the Flex PCB to
the aluminium layer 8260 can be performed via through-
holes through the Flex-PCB and holes through the iso-
lating layer 8621 or wire bonding between the flex PCB’s
tracks and the aluminium layer.
[0144] An additional module circuit board 820 (Figures
6A and 6C) can be positioned on a lateral side of the
battery module 800 so that the additional module circuit
board 820 is out of the path of a fire from one or more of
the multiple battery cells and does not obstruct the ex-
haust of heat or fumes from any overheating battery cell.
The additional module circuit board 820 can be fixed to
the top housing 804 and/or to the bottom housing 826.
Someof the sensors 622and oneormore controllers can
be mounted onto the additional module circuit board 820
instead of the plate 862. The top plate 862 and the
additional module circuit board 820 can be electrically
connected to each other through one or more cables and
connectors.
[0145] The multiple connectors, including the connec-
tor 825, of the battery module 800 can be mechanically
andelectrically connected to theadditionalmodule circuit
board 820. The multiple connectors can be used by the
one or more controllers of the additional module circuit
board820 to receivedata from thecomponentson the top
plate 862 and/or from outside the battery module 800 or
transmit data to the components on the top plate 862
and/or outside the battery module 800.
[0146] The one or more controllers can receive com-
mands via one or more of the multiple connectors. The
commands can, for instance, be used by the one ormore
controllers to set an operating mode for the battery mod-
ule 800 or configuration settings (such as an operating
power level or permissible operating temperature limit)
for the battery module 800. The one or more controllers
can, for instance, transmit operating status or logs, sen-
sor data detected by the multiple sensors, or alarms via
one or more of the multiple connectors.
[0147] The multiple connectors can include a total of
four connectors as illustrated. In other implementations,
the battery module 800 may instead include one, two,
three, five, six, or more connectors. Where the multiple
connectors of the battery module 800may include a total
of two connectors as illustrated, one of the multiple con-
nectors can be input connector for receiving data and the
other of the multiple connectors can be input connector
for transmitting data. Alternatively, both of the multiple
connectors can function to input and output data and
may, for example, communicate via separate communi-
cation channels, such as with redundant controllers. At
least some of each of the multiple connectors can have
the same or similar structures so that the at least some of
each of the multiple connectors may be used in place of
one another. One ormore of themultiple connectorsmay

be a serial bus connector. Although the multiple connec-
tors are illustrated as female connectors in Fig. 6B, the
multiple connectors can be male or female connectors.
[0148] Thebatterymodule800canhavea lengthofL, a
width of W, and a height of H as shown in Fig. 6G. The
length of L, the width of W, or the height of H can each be
50 mm, 65 mm, 80 mm, 100 mm, 120 mm, 150 mm, 200
mm,250mm,300mm,350mm,400mm,450mm,or 500
mm or within a range defined by two of the foregoing
values or another value greater or less than the foregoing
values. For example, L can be around 80 mm, W can be
around 80 mm, and H can be around 100 mm.
[0149] The battery module 800 may include fewer or
additional components in some implementations. For
example, the battery module 800 can include a heat
absorber material (not shown), such as a phase change
material, a gel, or the like, between the top housing 804
and the battery cells to absorb heat and energy upon the
one or more of the multiple battery cells of the battery
module800 catching fire andwhichmayhelp the fire from
reaching the other of the multiple battery cells.
[0150] Thebatterymodule 800 canbe constructed and
positioned, suchas inavehicle, so that airmayflowby the
batterymodule800 inadirection from thebottomhousing
826 to the top housing 804 ormay circulate fromone side
of the battery module 800 to another side. The air flowing
by the battery module 800 can flow through the top plate
862 through holes 8624 and through corresponding
holes (not shown) through the bottom plate 824. The
holes8624 through the topplate 862and the correspond-
ing holes through the bottom plate 824 direct the air to
flow between the cell tubes, such as the cell tubes 812,
813, 814 and other cell tubes, but may not flowwithin the
cell tubes to prevent humidity, dust, heat or fumes from
reaching the battery cells, such as the battery cell 8120,
within the cell tubes.
[0151] The air flowing by the battery module 800, such
as froman inlet channel as described herein, can cool the
multiple battery cells of thebatterymodule 800, aswell as
be used to expel any combustion products, fumes,
smoke, heat, or steam from the batterymodule 800. After
the air passes by the battery module 800, the air may be
transferred to an exhaust, such as an exhaust channel as
described herein. Such construction and positioning of
the batterymodule 800may advantageously permit cool-
ing of the multiple battery cells and expelling of any
combustion products, fumes, smoke, heat, or steamwith
a single combined system rather than utilizing two differ-
ent systems that may add additional weight.
[0152] The full wing structure of an aircraft may be
vented so that an inner volume of the wing can act as
an exhaust channel. In that case, no additional structure
may be added to create the exhaust channel.
[0153] As illustrated in Fig. 6A and 6B, the top housing
804 can be provided with holes 902 or valves, each hole
or valve being coaxial with one battery cell, one cell tube,
one top spacer and one bottom spacer, so that heat and
fumes fromone overheating battery cell will pass through
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one of the battery spacer, through one of the holes
through the top plate 862, through the corresponding
hole 902 or valve and out of the top housing 804.
[0154] The holes 902 through the top housing 804may
be covered with a tape or a cover (not shown) that closes
the hole during normal operation, and prevent humidity
and dust from entering the battery cell terminal region or
the volume between the top plate respectively bottom
plate and the housing.
[0155] The top housing 804 can be providedwith holes
903 for circulating air between the cell tubes. The holes
903canbeconnectedwith theholes8624 through the top
plate 862, for example through a tube (not shown) which
may be integral with the top housing. The tape or cover
may not cover the holes 903 thus allowing air to circulate
between the cell tubes and to cool the cell tubes and the
battery cells within the cell tubes.
[0156] In a similar way, holes (not shown) through the
bottomhousing826 thatmaybedisposedcoaxiallywitha
corresponding cell tube may be covered with a tape or a
cover (not shown) that closes the hole during normal
operation, and prevent humidity and dust from entering
the battery cell terminal region. The tape or cover does
not cover the holes through the bottom housing thus
allowing air to circulate between the cell tubes and to
cool the cell tubes and the battery cells within the cell
tubes.
[0157] If one of the multiple battery cells of the battery
pack 800 catches fire, the tape or cover on the top
housing 804 or bottom housing 826 can be moved by
apressuredifferencebetween (i) apressure in housingof
the oneof themultiple battery cells that caught fire and (ii)
a pressure on a side of the tape opposite of the one of the
multiple battery cells that caught fire. The pressure dif-
ference may entirely separate the tape or cover from the
battery module 800, or tear the tape or cover to create an
opening through the tape or cover for releasing the
pressure within the housing.
[0158] Fig. 8 illustrates a top cover 900 with cover
holes, such as a cover hole 902, usable with a battery
module, such as the battery module 800. The top cover
900 can be used in place or as part of the top housing 804
and/or bottom housing 826 . The cover holes can permit
combustion products, fumes, smoke, heat, or steam to
escape from one or more of the multiple battery cells of
the battery pack 800 that catch fire without permitting the
combustion products, fumes, smoke, heat, or steam to
enter another of the multiple battery cells. The cover
holes may permit a certain amount or rate of combustion
products, fumes, smoke, heat, or steam to escape and a
certain amount of energy absorption by the top cover 900
prior to the top cover 900 being moved by a pressure
difference between (i) a pressure in the one or more cell
tubes of the one or more of the multiple battery cells that
catch fire and (ii) a pressure on a side of the top cover 900
opposite the one or more cell tubes of the one or more of
the multiple battery cells that catch fire.

EXAMPLE IMPLEMENTATIONS

[0159] A battery module, comprising:

a plurality of battery cells;
a plurality of cell tubes configured to accommodate
the plurality of battery cells within the plurality of cell
tubes so that individual of the plurality of battery cells
are positioned within individual of the plurality of cell
tubes, each battery cell having a first electric pole
and a second electric pole,
a first conductive plate arranged for conducting cur-
rents from all battery cells in the battery module.

[0160] The first conductive plate can comprise a sec-
ond conductive layer with a plurality of PCB tracks and at
least one electronic component mounted on said PCB
tracks, said second conductive layer being thinner than
the first conductive layer.
[0161] A battery module is disclosed comprising:
a plurality of battery cells supported to conductive plate
with heat-isolating spacers. The spacers provide thermal
isolation between the battery cell and the conductive
plate.
[0162] The battery module can comprise a plurality of
cell tubes configured to accomodate the plurality of bat-
tery cellswithin the plurality of cell tubes so that individual
of the plurality of battery cells are positioned within in-
dividual of the plurality of cell tubes, each battery cell
having a first electric pole and a second electric pole.
[0163] The battery module can comprise a second
conductive plate which mutually electrically connects
the second poles of each of the plurality of battery cells,
said second conductive plate comprising a plurality of
first holes so that individual of theplurality of cell tubesare
facing individual of the plurality of first holes.
[0164] Each spacer is supported in one of said first
holesandconfigured to support oneendof a cell tubeand
one end of the battery cell in the cell tube.
[0165] The spacer provides thermal and electrical iso-
lation between the battery cell and the top plate or bottom
plate.
[0166] The battery module can power a motor that
propels a vehicle housing.
[0167] The battery module can include a battery hous-
ing configured to support a plurality of battery cells and a
conductive plate which electrically connects the plurality
of battery cells. The vehicle housing can support the
battery module and the motor.
[0168] An exhaust channel can be coupled to the bat-
terymodule and configured to divert a fire fromone of the
plurality of battery cells toward an exhaust port of the
vehicle housing to prevent the fire from spreading to
another of the plurality of battery cells.
[0169] The battery module of the preceding paragraph
can include one or more of the following features: The
battery module can include an inlet channel coupled to
the power source and configured to direct an air flow
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through the battery housing and into the exhaust chan-
nel. The battery housing can orient the plurality of battery
cells in a common direction with cathodes of the plurality
of battery cells being on a common side of the battery
housing. The battery housing can support a conductive
plate, and the conductive plate can electrically connect
the plurality of battery cells. The conductive plate can
electrically connect the plurality of battery cells in parallel
with one another. The conductive plate can include cop-
per or aluminum. The conductive plate can include a hole
or a weakened portion that is configured to permit the fire
to pass into the exhaust channel. The batterymodule can
include an insulation between the power source and the
exhaust channel, and the insulation can prevent the fire
from spreading to another of the plurality of battery cells.
The insulation can include a fire retardant. The vehicle
housing cansupport thebatterymodule so that anair flow
passes through the battery housing toward the exhaust
channel when the vehicle housing is in motion. The
vehicle housing can fly. A total number of battery cells
included in the battery module can be between 4 battery
cells and 32 battery cells, inclusive. Each of at least some
of theplurality of battery cells canbesubstantially shaped
as a cylinder. The battery housing can be substantially
shaped as a rectangular prism. The battery housing can
includeflame retardantmaterial. Thebattery housing can
include plastic. The battery module include one or more
sensors configured tomonitor a voltage or a temperature
of the plurality of battery cells, and the one or more
sensors may not be positioned between the battery
housing and the exhaust channel.
[0170] The exhaust channel can divert another fire
from one of the additional battery cells to the exhaust
port to prevent the another fire from spreading to another
of the plurality of battery cells or the additional battery
cells.
[0171] The battery module of the preceding para-
graphs can include one or more of the following features:
A plurality of cell tubes can support the plurality of battery
cells within the plurality of cell tubes so that individual of
the plurality of battery cells are positioned within indivi-
dual of the plurality of cell tubes, the plurality of cell tubes
being supported by the battery housing with one first end
of each cell tube being directed toward the exhaust
channel, the plurality of battery cells each being self-
contained, the plurality of battery cells being removable
from the plurality of cell tubes. An inlet channel arranged
to direct an air flow through the battery housing and into
theexhaust channel, a secondendof eachof the plurality
of cell tubes being directed toward the inlet channel. A
cover canbesupportedby thebatteryhousing.Thecover
can include amaterial that absorbs heat from a first fire in
oneof the plurality of battery cells. A sensor canmonitor a
temperature of one of the plurality of cell tubes or one of
the plurality of cooling plates. The battery housing, the
plurality of cell tubes, and the plurality of cooling plates
are configured to evenly distribute heat so that the plur-
ality of battery cells age at a common rate. An isolation

canbepositionedbetween (i) theconductiveplateand (ii)
the plurality of cell tubes, the isolation providing electrical
or thermal insulation. The conductive plate can electri-
cally connect the plurality of battery cells in parallel with
one another. The plurality of cell tubes can include alu-
minum, steel, or carbon. The plurality of cell tubes can be
arranged in at least two rows of cell tubes and at least two
columns of cell tubes. A circuit board assembly can be
supportedby thebattery housingand includeacontroller,
the controller being configured to monitor one or more
parameters of the plurality of battery cells or control an
energy transfer from the plurality of battery cells to the
motor. The battery housing can mechanically couple to
additional battery housings on opposite sides of the
battery housing, the battery housing and the additional
battery housings each having a common structure, the
plurality of battery cells being configured to electrically
couple in series or parallel with additional battery cells of
the additional battery housings to together power the
motor. The additional battery housings can support the
additional battery cells within additional cell tubes, the
additional cell tubes and the plurality of cell tubes being
configured to direct any combustion components from
any fires from the additional battery cells and the plurality
of battery cells in the common direction. A circuit board
assembly can be provided and include a sensor (622)
configured to monitor a voltage, a current, or an internal
pressure of at least one of the plurality of battery cells
(614), and a controller can be mounted on the circuit
board assembly and control an energy transfer from the
plurality of battery cells responsive to the voltage, the
current, or the internal pressure. The controller can com-
municate, via a connector, with an electronic device
separate from the battery housing. A total number of
battery cells included in the plurality of battery cells is
between 4 battery cells and 32 battery cells, inclusive.
The vehicle housing can fly and support the battery
housing so that an air flow passes through the battery
housing toward the exhaust channel when the vehicle
housing is in motion.

ADDITIONAL FEATURES AND TERMINOLOGY

[0172] Although examples provided herein may be
described in the context of an aircraft, such as an electric
or hybrid aircraft, one or more features may further apply
to other types of vehicles usable to transport passengers
or goods. For example, the one or more futures can be
used to enhance construction or operation of automo-
biles, trucks, boats, submarines, spacecraft, hovercrafts,
or the like.
[0173] Many other variations than those described
hereinwill be apparent from this disclosure. For example,
depending on the embodiment, certain acts, events, or
functionsofanyof thealgorithmsdescribedherein canbe
performed in a different sequence, can be added,
merged, or left out altogether (for example, not all de-
scribed acts or events are necessary for the practice of
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the algorithms).
[0174] The various illustrative logical blocks, modules,
and algorithm steps described herein can be implemen-
ted as electronic hardware, computer software, or com-
binations of both. To clearly illustrate this interchange-
ability of hardware and software, various illustrative com-
ponents, blocks, modules, and steps have been de-
scribed above generally in terms of their functionality.
Whether such functionality is implemented as hardware
or software depends upon the particular application and
design constraints imposed on the overall system. The
described functionality can be implemented in varying
ways for each particular application, but such implemen-
tation decisions should not be interpreted as causing a
departure from the scope of the disclosure.
[0175] Conditional language used herein, such as,
among others, "can," "might," "may," "e.g.," and the like,
unless specifically stated otherwise, or otherwise under-
stood within the context as used, is generally intended to
convey that certain embodiments include, while other
embodiments do not include, certain features, elements
or states. Thus, such conditional language is not gener-
ally intended to imply that features, elementsorstatesare
in any way required for one or more embodiments or that
one or more embodiments necessarily include logic for
deciding, with or without author input or prompting,
whether these features, elements or states are included
or are to be performed in any particular embodiment.
[0176] The terms "comprising," "including," "having,"
and the like are synonymous and are used inclusively, in
an open-ended fashion, and do not exclude additional
elements, features, acts, operations, and so forth. Also,
the term "or" is used in its inclusive sense (and not in its
exclusive sense) so that when used, for example, to
connect a list of elements, the term "or" means one,
some, or all of the elements in the list. Further, the term
"each," as used herein, in addition to having its ordinary
meaning, can mean any subset of a set of elements to
which the term "each" is applied.

Claims

1. A battery module (800), comprising:

a plurality of battery cells (8120);
a plurality of cell tubes (812, 813, 814) config-
ured to accommodate the plurality of battery
cells (8120) within the plurality of cell tubes so
that individual of the plurality of battery cells are
positioned within individual of the plurality of cell
tubes, each battery cell having a first electric
pole and a second electric pole,
a first conductive plate (306, 362, 862) consist-
ing of a printed circuit board and comprising a
first conductive layer (8620) and an isolating
layer (8621), said isolating layer comprising at
least one blind hole (869) for wire-bonding said

conductive layer (8620).

2. The battery module of claim 1, said first conductive
layer (8620) being arranged for conducting currents
from all battery cells in the battery module.

3. The battery module of one of the claims 1 to 2, said
first conductive plate (862) further comprising a sec-
ond conductive layer (8622) with a plurality of PCB
tracks and at least one electronic component (809,
822) mounted on said PCB tracks, said second
conductive layer (8622) being thinner than the first
conductive layer (8620).

4. Thebatterymodule of claim3, saidPCB tracks being
connected through wire-bonding to said battery cell
(8120) and/or to said first conductive layer (8620).

5. The battery module of one of the claims 3 to 4, said
battery cell (8120) being wire bonded to said first
conductive layer.

6. The battery module of one of the claims 3 to 5, said
electronic component (809, 822) comprising one
sensor (809) configured to monitor a voltage, a cur-
rent, a temperature or an internal pressure of at least
one of the plurality of battery cells (8120).

7. The battery module of one of the claims 3 to 6, said
electronic component (822) comprising one switch
for individually connecting or disconnecting one bat-
tery cell.

8. The battery module of one of the claims 6 or 7, said
battery cell being electrically connected through
wire-bonding to a sensor and/or to a switch on one
of said PCB track, said sensor and/or switch being
electrically connected throughwire-bonding through
a wire-bond that goes through on said blind hole
(869).

9. The battery module of one of the claims 3 to 8, said
electronic component (822) comprising a controller
configured to control the plurality of battery cells.

10. The battery module of one of the claims 1 to 8, said
first conductive plate (862) comprising a plurality of
first holes (868) so that individual of the plurality of
cell tubes are facing individual of the plurality of first
holes,

11. The battery module of one of the claims 1 to 10,
further comprising a circuit board assembly (820)
electrically connected to said printed circuit board
(862); and
a controller mounted on the circuit board assembly
and configured to control the plurality of battery cells.
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12. The battery module of claim 11, wherein the con-
troller is configured to communicate, via a connector
(624), with an electronic device separate from the
battery housing.

13. The battery module of one of the claims 1 to 12,
comprising a second conductive plate (324, 372,
824)whichmutually electrically connects the second
poles of each of the plurality of battery cells.

14. The battery module of one of the claims 1 to 13,
wherein a total number of battery cells (614) included
in the battery module is between 4 battery cells and
32 battery cells, inclusive.

15. The battery module of any of the claims 1 to 14,
wherein theplurality of cell tubes (312, 314,316, 318;
612) comprises aluminum, steel, or carbon.

16. A vehicle housing comprising a battery module ac-
cording to one of the claims 1 to 15, the vehicle
housing being configured to fly and supporting the
batterymodule so that an air flowpasses through the
battery module when the vehicle housing is in mo-
tion.

Patentansprüche

1. Ein Batteriemodul (800), umfassend:

eine Vielzahl von Batteriezellen (8120);
eine Vielzahl von Zellrohren (812, 813, 814),
welche dazu konfiguriert sind, die Vielzahl von
Batteriezellen (8120) innerhalb der Vielzahl von
Zellrohren aufzunehmen, so dass einzelne der
Vielzahl von Batteriezellen innerhalb einzelner
der Vielzahl von Zellrohren positioniert sind,
wobei jede Batteriezelle einen ersten elektri-
schen Pol und einen zweiten elektrischen Pol
aufweist,
eine erste leitfähige Platte (306, 362, 862), wel-
che aus einer Leiterplatte besteht und eine erste
leitfähige Schicht (8620) und eine Isolierschicht
(8621) umfasst, wobei die besagte Isolier-
schicht mindestens ein Sackloch (868) zum
Drahtbonden der besagten leitfähigen Schicht
(8620) umfasst.

2. Batteriemodul gemäss Anspruch 1, wobei die be-
sagte erste leitfähige Schicht (8620) dazu ausgelegt
ist, Ströme von allenBatteriezellen imBatteriemodul
zu leiten.

3. Batteriemodul gemäss einemder Ansprüche 1 bis 2,
wobei die besagte erste leitfähige Platte (862) zu-
dem eine zweite leitfähige Schicht (8622) mit einer
Vielzahl von Leiterplattenbahnen und mindestens

einer auf den besagten Leiterplattenbahnen mon-
tierten elektronischen Komponente (809, 822) um-
fasst, wobei die besagte zweite leitfähige Schicht
(8622) dünner als die erste leitfähige Schicht (8620)
ist.

4. Batteriemodul gemäss Anspruch 3, wobei die be-
sagte Leiterplattenbahnen durch Drahtbonden mit
der besagten Batteriezelle (8120) und/oder mit der
besagten ersten leitfähigen Schicht (8620) verbun-
den sind.

5. Batteriemodul gemäss einemder Ansprüche 3 bis 4,
wobei die besagteBatteriezelle (8120)mittelsDraht-
bonden mit der besagten ersten leitfähigen Schicht
verbunden ist.

6. Batteriemodul gemäss einemder Ansprüche 3 bis 5,
wobei die besagte elektronische Komponente (809,
822) einen Sensor (809) umfasst, welcher dazu
konfiguriert ist, eine Spannung, einen Strom, eine
Temperatur oder einen Innendruck von mindestens
einer der Vielzahl von Batteriezellen (8120) zu über-
wachen.

7. Batteriemodul gemäss einemder Ansprüche 3 bis 6,
wobei die besagte elektronische Komponente (822)
einen Schalter zum individuellen Verbinden oder
Trennen einer Batteriezelle umfasst.

8. Batteriemodul gemäss einem der Ansprüche 6 oder
7, wobei die besagte Batteriezelle durch Drahtbon-
den elektrisch mit einem Sensor und/oder einem
Schalter auf einer der besagten Leiterplattenbahnen
verbunden ist, wobei der besagte Sensor und/oder
Schalter durch Drahtbonden über eine Drahtverbin-
dung elektrisch verbunden sind, welche durch das
besagte Sackloch (869) verläuft.

9. Batteriemodul gemäss einemder Ansprüche 3 bis 8,
wobei die besagte elektronische Komponente (822)
einen Controller umfasst, der zum Steuern der Viel-
zahl von Batteriezellen konfiguriert ist.

10. Batteriemodul gemäss einemder Ansprüche 1 bis 8,
wobei die besagte erste leitfähige Platte (862) eine
Vielzahl von ersten Löchern (868) aufweist, so dass
einzelne der Vielzahl von Zellröhren einzelnen der
Vielzahl von ersten Löchern gegenüberliegen.

11. Batteriemodul gemäss einem der Ansprüche 1 bis
10, welches zudem eine Leiterplattenanordnung
(820) umfasst, die elektrischmit der besagten Leiter-
platte (862) verbunden ist; und einen Controller, der
auf der Leiterplattenanordnung montiert ist und zum
Steuern der Vielzahl von Batteriezellen konfiguriert
ist.
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12. Batteriemodul gemäss Anspruch 11, worin der Con-
troller derart konfiguriert ist, umübereinenVerbinder
(624) mit einem vom Batteriegehäuse getrennten
elektronischen Gerät zu kommunizieren.

13. Batteriemodul gemäss einem der Ansprüche 1 bis
12, umfassend eine zweite leitfähige Platte (324,
372, 824),welche die zweitenPole jeder derVielzahl
von Batteriezellen elektrisch miteinander verbindet.

14. Batteriemodul gemäss einem der Ansprüche 1 bis
13, worin die Gesamtzahl der im Batteriemodul ent-
haltenen Batteriezellen (614) zwischen 4 Batterie-
zellen und einschliesslich 32 Batteriezellen beträgt.

15. Batteriemodul gemäss irgendeinem der Ansprüche
1 bis 14, worin die Vielzahl der Zellrohre (312, 314,
316, 318; 612) aus Aluminium, Stahl oder Kohlen-
stoff besteht.

16. Fahrzeuggehäusemit einemBatteriemodul gemäss
einem der Ansprüche 1 bis 15, wobei das Fahrzeug-
gehäuse zum Fliegen ausgebildet ist und das Bat-
teriemodul so stützt, dass ein Luftstrom durch das
Batteriemodul strömt, wenn das Fahrzeuggehäuse
in Bewegung ist.

Revendications

1. Un module de batterie (800), comprenant

une pluralité de cellules de batterie (8120) ;
une pluralité de tubes de cellule (812, 813, 814)
configurée pour accueillir la pluralité de cellules
de batterie (8120) à l’intérieur de la pluralité de
tubes de cellule de sorte que chaque cellule de
batterie de la pluralité de cellules de batterie soit
positionnée à l’intérieur de chaque tube de la
pluralité de tubes de cellule, chaque cellule de
batterie ayant un premier pôle électrique et un
second pôle électrique,
une première plaque conductrice (306, 362,
862) consistant en une carte de circuit imprimé
et comprenant une première couche conduc-
trice (8620) et une couche isolante (8621), ladite
couche isolante comprenant au moins un trou
borgne (869) pour lier par fil ladite couche
conductrice (8620).

2. Lemodule de batterie selon la revendication 1, ladite
première couche conductrice (8620) étant agencée
pour conduire les courants de toutes les cellules de
batterie dans le module de batterie.

3. Lemodule debatterie selon l’une des revendications
1 à 2, ladite première plaque conductrice (862)
comprenant en outre une seconde couche conduc-

trice (8622) avecunepluralité depistesde la cartede
circuit imprimé et au moins un composant électro-
nique (809, 822) monté sur lesdites pistes du de la
carte de circuit imprimé, ladite seconde couche
conductrice (8622) étant plus mince que la première
couche conductrice (8620).

4. Le module de batterie selon la revendication 3, les-
dites pistes de la carte de circuit imprimé étant
connectées par liaison filaire à ladite cellule de bat-
terie (8120) et/ou à ladite première couche conduc-
trice (8620).

5. Lemodule debatterie selon l’une des revendications
3 à 4, ladite cellule de batterie (8120) étant reliée par
fil à ladite première couche conductrice.

6. Lemodule debatterie selon l’une des revendications
3 à 5, ledit composant électronique (809, 822)
comprenant un capteur (809) configuré pour moni-
torer une tension, un courant, une température ou
unepression interned’aumoinsunede lapluralitéde
cellules de batterie (8120).

7. Lemodule debatterie selon l’une des revendications
3 à 6, ledit composant électronique (822) compre-
nant un interrupteur pour connecter ou déconnecter
individuellement une cellule de batterie.

8. Lemodule debatterie selon l’une des revendications
6 ou 7, ladite cellule de batterie étant connectée
électriquement par liaison filaire à un capteur et/ou
à un interrupteur sur l’une des pistes de la carte de
circuit imprimé, ledit capteur et/ou interrupteur étant
connecté électriquement par liaison filaire à travers
ledit trou borgne (869).

9. Lemodule debatterie selon l’une des revendications
3 à 8, ledit composant électronique (822) compre-
nant un contrôleur configuré pour contrôler la plura-
lité de cellules de batterie.

10. Lemodule debatterie selon l’une des revendications
1 à 8, ladite première plaque conductrice (862)
comprenant une pluralité de premiers trous (868)
de sorte que chaque tube de la pluralité de tubes de
cellule soit en face de chaque trou de la pluralité de
premiers trous.

11. Lemodule debatterie selon l’une des revendications
1 à 10, comprenant en outre un assemblage de carte
électronique (820) connecté électriquement à ladite
carte de circuit imprimé (862) ; et
un contrôleur monté sur la carte de circuit imprimé et
configuré pour contrôler la pluralité de cellules de la
batterie.

12. Le module de batterie selon la revendication 11,
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dans lequel le contrôleur est configuré pour commu-
niquer, par l’intermédiaire d’un connecteur (624),
avec un dispositif électronique séparé du boîtier
de la batterie.

13. Lemodule debatterie selon l’une des revendications
1 à 12, comprenant une seconde plaque conductrice
(324, 372, 824) qui relie électriquement le second
pôle de chaque cellule de la pluralité de cellules de
batterie.

14. Lemodule debatterie selon l’une des revendications
1 à 13, dans lequel le nombre total de cellules de
batterie (614) inclusesdans lemoduledebatterie est
compris entre 4 cellules de batterie et 32 cellules de
batterie, inclusivement.

15. Lemodule debatterie selon l’une des revendications
1 à 14, dans lequel la pluralité de tubes de cellule
(312, 314, 316, 318 ; 612) comprend de l’aluminium,
de l’acier ou du carbone.

16. Une carrosserie de véhicule comportant le module
de batterie selon l’une des revendications 1 à 15, la
carrosserie de véhicule étant configurée pour voler
et soutenir le module de batterie de sorte qu’un flux
d’air passe à travers le module de batterie lorsque la
carrosserie de véhicule est en mouvement.

5

10

15

20

25

30

35

40

45

50

55



21

EP 4 226 456 B1



22

EP 4 226 456 B1



23

EP 4 226 456 B1



24

EP 4 226 456 B1



25

EP 4 226 456 B1



26

EP 4 226 456 B1



27

EP 4 226 456 B1



28

EP 4 226 456 B1



29

EP 4 226 456 B1



30

EP 4 226 456 B1



31

EP 4 226 456 B1



32

EP 4 226 456 B1



33

EP 4 226 456 B1



34

EP 4 226 456 B1



35

EP 4 226 456 B1



36

EP 4 226 456 B1



37

EP 4 226 456 B1



38

EP 4 226 456 B1



39

EP 4 226 456 B1

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 2019280354 A1 [0012]
• US 2018358671 A1 [0013]
• US 2009233162 A1 [0014]
• US 2009111015 A1 [0015]

• WO 2020044275 A1 [0016]
• US 10131246 B [0071] [0077]
• US 10322824 B [0071]


	bibliography
	description
	claims
	drawings
	cited references

